Abstract. The random amplified polymorphic DNA technique may be used to explore parasite DNA polymorphisms. We assessed its applicability to identification of Old World Leishmania species. A set of 6 random decamer primers (A1, A4, A5, A7, A10, and A15) was applied to a panel of DNA from 57 representatives of different Old World Leishmania species. The amplification profiles allowed discrimination among species belonging to different taxonomic complexes. Two criteria were used to analyze the profiles: the presence of consistent amplicons at the same electrophoretic position for isolates of the same species, and the presence of distinct amplicons for isolates of different species. Three primers-A1, A7 and A10-rendered such products.
INTRODUCTION
Parasites belonging to the genus Leishmania have wide geographic distribution and cause different clinical manifestations, including cutaneous, mucocutaneous, and visceral pathology. Different Leishmania species may be encountered within the same geographic area. Precise identification of these species is thus important for clinical and epidemiologic reasons. Leishmania parasites have similar morphology and sometimes cause similar clinical manifestations; therefore, differentiation among species requires molecular techniques such as isoenzyme electrophoresis, DNA probe hybridization, and polymerase chain reaction (PCR)-based techniques. [1] [2] [3] [4] [5] The random amplified polymorphic DNA (RAPD) technique uses random oligomers to amplify genomic DNA and thus does not necessitate any prior knowledge on organism's genomic sequences. 6 It has been applied to genetic studies of mice, 7 molecular ecology, 8 and identification of differentially expressed sequences. [9] [10] It has also been used to study polymorphisms of microorganisms of medical importance such as trypanosomes, [11] [12] [13] Plasmodium species, 14, 15 and Toxoplasma gondii. 16 In the case of Leishmania, RAPD studies mostly aimed to assess the technique to establish and estimate the genetic relationship among sets of taxa, species, and isolates. [17] [18] [19] The present study sought to assess the suitability of RAPD for Leishmania parasite species identification by examination of the existence of consistent and diagnostic electrophoretic profiles among Old World Leishmania species. 1 The parasites were isolated from different hosts or vectors in 14 different countries in the Old World and corresponded to at least 21 zymodemes. The panel also included one isolate of Leishmania chagasi from the New World (Table 1) . The organisms were cultured in RPMI 1640 supplemented with 15% fetal calf serum. Genomic DNA was obtained as described previously. 3 Parasite species identification was reconfirmed by use of nuclear probes pDK20 and pDK10, which exhibit species-specific hybridization patterns. 2, 3 Amplification via RAPD. A set of 6 decamers was used: A1 (CAGGCCCTTC), A4 (AATCGGGCTG), A5 (AGGGGTCTTG), A7 (GAAACGGGTG), A10 (GTGA-TCGCAG), and A15 (TTCCGAACCC) (Operon, Alameda, CA). The amplification protocol was described previously. 13 The reaction mix included 0.1 mM of each dNTP, 0.3-0.4 M primer, 1.5 U Taq DNA polymerase (Boehringer, Manheimm, Germany), 1ϫ buffer supplied with the enzyme (10 mM Tris-HCl, 1.5 mM MgCl 2 , 50 mM KCl, pH 8.3), and 20 ng genomic DNA. Amplification was processed for 45 cycles that comprised successively a 1-min denaturation step at 94ЊC, a 1-min annealing step at 36ЊC, and a 2-min elongation at 72ЊC. Final elongation was performed for 7 min at 72ЊC. Polymerase chain reaction products were separated by 1.6% agarose gel electrophoresis and visualized by ultraviolet light after staining with ethidium bromide. Interpretation of the patterns was based on the size and on the presence or absence of amplified DNA bands.
MATERIALS AND METHODS

Parasites
RESULTS
The RAPD products. One to 10 RAPD products were observed with different profiles. According to taxa, some were simple, comprising 1-2 intense bands, whereas other profiles were more complex. For the latter, the amplified DNAs included strong and weak intensity and fuzzy bands. Amplicon size ranged 3-0.2 kb. Reproducibility was assessed by means of different DNA preparations or by means of the same DNA preparations of some isolates. The profile of amplicons was reproducible in most cases. Primer A5 was most prone to variations.
Discrimination of parasites and species identification. The profiles obtained with each primer were compared with respect to taxonomic classification of the isolates within a species or species complex. Two criteria were taken into account: the consistent presence of amplified DNA bands at the same electrophoretic position for isolates of a same species; and the discrimination between isolates belonging to different species. This allowed analysis of the results obtained with the A1, A7, and A10 primers. These profiles are illustrated in Figure 1 . Table 2 summarizes the electrophoretic position of the diagnostic bands identified for each primer and species tested. A major DNA product was observed for most species with the primer A1 ( Figure 1C) . The sizes were consistently es- Table 1 and its species attribution. a ϭ arabica; ae ϭ aethiopica; c ϭ chagasi; d ϭ donovani; i ϭ infantum; k ϭ killicki; L. ϭ Leishmania; m ϭ major; t ϭ tropica; tu ϭ turanica; S. t ϭ S. tarentolae. MVI and MVII ϭ DNA size markers VI and VII (Boehringer, Mannheim, Germany). Figure 1B) . A band of 1.4, 0.45, and 1.2 kb allowed discrimination among L. infantum, L. major, and L. tropica, respectively. Leishmania arabica and L. aethiopica reference isolates amplified a product at 1.5 and 0.55 kb, respectively. It is interesting to note that L. turanica DNA yielded 2 major products of 1.6 and 0.79 kb, which allowed its differentiation from L. major DNA. Within L. major, one exception was observed with one isolate (Ron44), which did not amplify the 0.45-kb product. In the case of A10 primer, 2 bands were consistently observed for each species. Their presence discriminated among the taxa ( Figure 1A) . The 1.9-and 1.3-kb DNA bands were diagnostic for L. infantum; the combinations of 2.7-1.9 kb and 1.6-1. (Table 2) .
DISCUSSION
Unlike other PCR-based assays commonly used for molecular diagnosis, RAPD does not require previous knowledge of nucleotide sequences. In RAPD analysis, only one randomly designed decamer with 60-70% GC content and no self-complementary ends is used to prime amplification. The length of the primer and the relaxed specificity of the reaction conditions are major reasons for the extensive ap-plication of the RAPD technique to a variety of organisms, including Leishmania sp. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] This study aimed to assess RAPD as a simple method for Leishmania parasite species identification. The technique requires as little as 20 ng DNA and only a few parasites per reaction. This is less than that required for isoenzyme analysis or DNA probes hybridization. Furthermore, unlike most other PCRs, which necessitate additional steps such as oligonucleotide hybridization, sequencing, or restriction analysis, the RAPD approach directly distinguishes various parasite species from each other. The results are based on direct observation of bands on agarose gels.
Another advantage is that identical reaction conditions can be used with different primers, with different genomic DNA samples, or both. The broad specificity of the primers restricts the use of this technique to isolated parasites. To date, RAPD technique has not been applied to clinical samples but limited to isolated organisms. Isolation and culture of Leishmania are sometimes difficult. In some situations, only 50% of the isolates can be propagated in long-term culture. By use of RAPD, promastigotes in early steps of in vitro culture could be studied with no need for long-term cultivation. The simple interpretation of results from identification of PCR products in agarose gels is an advantage for laboratories in field settings.
The reaction products obtained by RAPD enabled discrimination among species. Further, the amplification profiles were reproducible, although there were minor differences for bands of faint intensity. The current study benefited from access to 57 parasite isolates representative of all Old World Leishmania species, 1 with the exception of L. archibaldi and L. gerbilli. As illustrated for the A1, A7, and A10 primers, and as illustrated by the reliance on the electrophoretic pattern of the amplicons, concomitant amplification of variable and consistent DNA bands was observed. Our analysis emphasized consistent amplification within a taxon of one or more DNA bands of mobility considered as diagnostic of the species. At this step, with no other knowledge on the nature, sequence, and relatedness of the amplification products, the distinction of the parasites according to the RAPD profiles is carefully considered as merely phenetic.
Two criteria for species diagnosis were considered to be important: the consistent presence of RAPD products of identical electrophoretic position for isolates of the same species, and their ability to discriminate between parasites of different species. The RAPD analysis produced distinctive amplification products among 8 Old World Leishmania spe- [20] [21] Sauroleishmania tarentolae, often sympatric to many Leishmania species, was included in this study. Its amplification patterns with the A1, A7, and A10 primers differed from those of Leishmania. The discriminative power of each primer between all species assayed was limited in few situations. Indeed, the pairwise association of RAPD results obtained for the A1, A7, and A10 primers was shown to distinctively identify parasites of the L. donovani complex, L. tropica complex, L. major, L. aethiopica, L. turanica, and L. arabica. We thus recommend that at least 2 primers be used for species diagnosis. The A10 primer allowed differentiation among parasites of the L. tropica complex with an additional intense amplicon for L. killicki. The presence of a DNA band at this electrophoretic position should be considered diagnostic for this species after confirmation with additional L. killicki isolates. Results observed with only one isolate should be considered preliminary until confirmed with more isolates. Furthermore, the current study did not allow identification of discriminative RAPD products for parasites of the L. donovani complex (L. infantum, L. donovani, and L. chagasi). This may be overcome by increasing the number of primers. A RAPD-based distinction among these parasite species was shown to be possible. 10 The outcome of a RAPD reaction is highly dependent on parameters that may vary from one laboratory setting to another. 22 This limitation may be overcome by the simplicity of the technique described here. It can be applied to any other arbitrary primers or organisms. It is therefore recommended that these reactions be based on a panel of wellcharacterized isolates and standardized conditions before installing such studies.
